Objective: To investigate the relation between biofilm formation ability and quorum sensing gene LuxS/AI-2. Materials and Methods: Enterococcus faecalis (E. faecalis) standard strain ATCC 29212 was used in the study.
A number of investigations have shown that most root canal treatment failures are caused by microorganisms surviving around the apical foramen by forming a biofilm structure, invading the extraradicular area, and attaching to the cementum around the root apex [3] [4] [5] [6] . The eradication of apical microorganisms by endodontic microsurgery resulted in a successful outcome based on a variety of follow-up studies [7] [8] [9] .
Biofilm formation is considered as the primary pathogenic factor resulting in persistent infections and treatment failures, while Enterococcus faecalis (E. faecalis) has been reported to be a highly detected pathogenic bacteria from the extraradicular biofilm and is one of the highly investigated bacteria associated with PAP lesions [10] [11] [12] [13] . However, the mechanism of the E. faecalis biofilm formation remains elusive.
During bacterial amplification, many signaling molecules are released and allow for cell-to-cell communication. Once these molecules reach a threshold level, bacterial behavior will change in ways, including extracellular matrix production, bacterial surface adhesion and virulence factor expression 14 .
Quorum sensing (QS) is an important mechanism that controls the signal delivery of microorganisms and plays an important role in regulating gene expression and biofilm formation. The signal delivery of most Gramnegative and -positive microorganisms relies on the LuxS/autoinducer-2(AI-2) quorum sensing system Lakes, NJ, USA) was used to grow the bacteria.
Bacterial strains were grown at 37°C in an anaerobic environment, using gas-generating sachets (Gas-Pak EZ; Becton, Dickinson and Company, Franklin Lakes, NJ, USA) to produce the required environment.
Construction of the E. faecalis LuxS mutant strain
Long flanking homology (LFH) PCR was used to generate deletion mutations, in which the designated coding region was largely replaced with an antibiotic resistance cassette as previously described. Strain 
Statistical methods
The statistical analyses were performed using SPSS 18.0 (Superior Performing Software Systems, Chicago, USA). All experiments were performed in triplicate.
One-way ANOVA was used to conduct the statistical analysis; p values <0.05 were considered significant. 
Results

Construction of E. faecalis LuxS mutants
Identification of LuxS gene knockout E. faecalis
In the wild type E. faecalis, the amplified product uses primers p1 and p4 that will result in a 1500 bp product, whereas re-constructed plasmid with primers p1 to p4 will result in a PCR product of approximately 2500 bp. We chose 6 clones after electroporation, and only detected re-constructed plasmid in the 6 band, which indicates that the LuxS gene in E. faecalis genome was deleted (Figure 3c 
LuxS gene depletion significantly decreased the biofilm formation ability of E. faecalis
To investigate the biofilm formation ability after the deletion of the LuxS gene, biofilm formation and areas were detected via the biofilm CLSM, and the biofilm biomass was measured by CV staining at 12 h, 24 h, 36 h and 48 h, while the biofilm microstructure
The mutant strain was made as follows: 1. Construction of recombinant plasmids. Two pairs of gene-specific primers were designed. P1 and P2 are used to amplify the 5' upper stream homologous arm of LuxS gene, while P3 and P4 amplify the 3' region flanking the target gene. Each DNA fragment was ligated to the VECTOR according to the manufacturer's instruction. The recombinant plasmid was then transformed into E. coli DH5a competent cells. Positive clones of transformed cells were selected and sequenced, named as pEASYLuxS-up-amp-kana-LuxS-down. Under these conditions, P2 has an expanded HindIII site, whereas P3 has an expanded XhoI site, both attached to their 5' ends. 2. Transformation of E. faecalis. E. faecalis was transformed by electroporation according to the protocol. The E. faecalis LuxS gene knockout was identified by PCR with primers P1 to P4 ; these results are consistent with our study.
Conclusion
In conclusion, LuxS gene depletion broke the biofilm formation process of E. faecalis, which demonstrated that the LuxS gene has an important role in the biofilm formation process of E. faecalis and provided us a new nonsurgical strategy to treat persistent apical periodontitis. However, further studies are still needed to clarify the regulatory mechanism of the LuxS/AI-2 QS system on E. faecalis biofilm formation.
